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Abstract In the present study, the analysis of epithelial cells
derived from various sources was undertaken, beginning from
the mammary gland tissue through the primary cultures and
their subsequent passages. The objective of the study was the
comparative analysis of the stage in which the epithelial cells
obtained from individuals in different lactation cycles and
disparate phases of cell culture growth are the most suitable
for morphological research and analysis of gene expression
activity. The cultures of primary bovine mammary epithelial
cells and passages were identified morphologically using im-
munocytochemical methods. After positive identification, real-
time PCRs were performed for the analysis of the expression
level of casein genes, whey protein genes, and butyrophilin
gene. The most stable reference genes in real-time PCRs for the
mammary gland tissue and cell cultures were also determined.
Of the reference genes, the UXT and GAPDH genes appeared
to be the most stable ones for the mammary gland tissue
samples and epithelial cell cultures. The results obtained
allowed concluding that the mammary gland samples collected
from heifers constituted the most effective material for the
initiation of primary cultures. The primary cultures formed
characteristic for the mammary gland tissue dome structures,
which images were obtained using confocal microscopy. The
highest levels of expression of the CSN1S1 , CSN1S2 , CSN2 ,
and CSN3 genes were detected in primary cultures. The levels
of expression of whey protein genes (LALBA and BGL) were
highest in the second passage. Themost abundant expression of
the BTN1A1 gene was observed in primary cultures and the
third passage. On the basis of the whole experiment, it can be
concluded that primary cultures and cells of the second passage
derived from heifer individuals appeared to be the best mate-
rials for the analysis of mammary gland function and gene
expression activity.
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Introduction
Mammary structure, function, and development have been
extensively studied for over four decades. Along with the
development of analytical tools and new research techniques
(transcriptomics, proteomics, metabolomics analyses), the
molecular mechanisms of lactation, involution, lactogenesis,
and lactopoesis can be more accurately analyzed (Loor and
Cohick 2009). The expression of milk protein genes in epi-
thelial cells depends on various factors. Gaining knowledge
about them is relevant because the studies that focus on
mammary gland physiology have important implications for
the agricultural sector and food industry. Investigation of
bovine mammary gland biology is significant not only for
milk production but also for carcinogenesis studies (Povey
and Osborne 1969; Kozłowski and Motyl 2007). Another
stream of research is to provide theoretical and methodical
foundations for studies on the mammary gland as a transgenic
universal bioreactor. Apart from a purely practical dimension,
the possibility of observation and analysis of cellular and
subcellular processes allows capturing a complex network of
physiological relations and answering the questions posed by
the biological sciences. The role of studies on mammary
glands is to gain knowledge of cell biology, reproductive
biology, and histology (Kozłowski and Motyl 2007;
Jedrzejczak 2010b; Jedrzejczak 2010a). When undertaking
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in vitro experiments on mammary gland function, the key role
is played by the appropriate choice of the research model. A
popular approach is the selection of established cell lines as a
convenient research material. However, considerable number
of such lines does not solve the problem of comparability and
scope of the conducted research. In addition, cells maintained
in in vitro systems for prolonged time periods lose their
natural properties (Buhering et al. 2004). In this study, analy-
sis of tissue material from the mammary gland, primary cul-
tures, and subsequent passages was carried out. The aim of the
present study was the comparative analysis of the epithelial
cells obtained from individuals in different lactation cycles for
morphological and gene expression analysis. The results ob-
tained can be useful in many studies related to the structure
and function of bovine mammary gland.
Materials and Methods
Cell isolation and primary cell culture. Primary cell cultures
were established from mammary parenchymal tissue. Small
pieces of the mammary tissue of Polish Holstein-Friesian
cows were aseptically removed from the udder immediately
following slaughter from individuals in various stages of their
life (heifers, mid-lactation, involution). Tissue pieces were
collected in 50-ml conical centrifuge tubes (BD Bioscience,
San Jose, CA) with 1× DPBS (Gibco, Langley, OK),
transported, and preserved at 4°C until cell isolation and
modified primary cell culture (method as described by
Huynh et al. 1991) was started. The mammary tissue pieces
were washed twice with 1× DPBS (Gibco) before digestion.
The tissue samples were minced using surgical scissors.
Minced samples were incubated in aseptic Hank’s balanced
salt solution (Gibco) for 1.5 h at 37°C. The prepared tissue
was digested with trypsin–EDTA solution (Sigma-Aldrich, St.
Louis, MO) for 1 h at 37°C. The digest was filtered through a
nylon mesh (BD Bioscience, 100 μm) and the filtrate centri-
fuged for 10 min/1,250 rpm (Eppendorf 5804 R, Eppendorf,
Hamburg, Germany). The cell inoculum was plated in
Dulbecco’s modified Eagle’s medium (DMEM) supplement-
ed with 20% FBS, insulin (1 μg/ml), amphoterycin B (2.5 μg/
ml), and penicillin–streptomycin (50 IU/ml) on non-coated
polystyrene Petri dishes with the surface modified for en-
hanced cell culture (BD Primaria™ , 35 mm, BD
Bioscience). Then, the cells were incubated in the incubator
(Memmert GmbH+Co. KG, Schwabach, Germany) at 37°C,
5% CO2, 95% humidity for 2 h (pre-plating). After 2 h,
DMEM was changed and in the fresh DMEM cells were
maintained at 37°C in a humidified atmosphere of 5% CO2.
The mediumwas changed every 2 d. The primary cell cultures
were trypsinized at ~80% confluency (trypsin–EDTA 0.25%
solution, Sigma-Aldrich) and passaged. The primary cell cul-
tures were passaged on the tenth day of culture. Cells in the
first passage were trypsinized on the seventh day of the
culture. On the fourth day of culture, epithelial cells of the
second and third passages were harvested. Cell cultures were
visualized with a Nikon TS-100 microscope (NIS Elements F
Package, camera Nikon DS-Fi1, Nikon, Melville, NY).
Single-cell cloning by serial dilution. When the primary cell
culture was established, the initial material was not homoge-
nous. To solve this problem, the first passage was prepared by
means of single-cell cloning by serial dilution, as described by
Ryan (2005), in 96-well plates (Cell+, Sarstedt, Nümbrecht,
Germany). The first passage was maintained at 37°C, 95%
humidity, and 5% CO2. The cells in the first passage were
trypsinized at ~80% confluency and transferred into 24-well
plates (Cell+, Sarstedt). The cells of the second and third
passages were used for further studies as experimental mate-
rials of high homogeneity.
Testing for Mycoplasma in cell cultures. For Mycoplasma
testing, cells were fixed and DAPI staining solution was used
(Sigma-Aldrich). Microscope slides were prepared using Gel
MountTM Aqueous Mounting Medium (Sigma-Aldrich). The
slides were analyzed using a confocal laser microscope (Nikon
Eclipse TE 2000-S). Molecular Mycoplasma tests through
molecular analysis were performed with genomic DNA extrac-
tion from the culture media according to the method described
by Wirth et al. (1994). For Mycoplasma species identification
in the culture media, PCRs were prepared. The following
species-specific primers (fragments of sequence of the
Mycoplasma 16S rRNA gene) were used in PCR reaction to
identify Mycoplasma species (e.g., Mycoplasma hyorhinis ,
Mycoplasma orale , Mycoplasma fermentas , Mycoplasma
pirum ) and species specific for Bovidae—Mycoplasma
arginini and Acholeplasma laidlawii : F—5′-GGGAGCAA
ACAGGATTAGATACCCT-3′ (GPO3) and R—5′-TGCACC
ATCTGTCACTCTGTTAACCTC-3′ (MGSO; Kuppeveld
et al. 1994; Kong et al. 2001). PCR amplicons were analyzed
using horizontal electrophoresis through 2% agarose gel (Prona
Agarose). Genomic DNA ofMycoplasma bovis was used as a
positive control.
Morphological cell identification. Cells from the primary cell
cultures, i.e., the first, second, and third passages, were fixed
for morphological and subcellular identification. Cells were
fixed with 4% paraformaldehyde solution for 10 min and
perforated with 70% methanol solution for 1 h (Sigma-
Aldrich). For basic morphology analysis, the cell cultures
were stained in 20% Giemsa solution for 8 min and
propidium iodine solution (0.6 μg/ml) for 5 min
(Sigma-Aldrich). For standard morphological study, epi-
thelial cells were prepared on the tenth day of culture.
On the 14th day of cell culture, living and fixed cells
were taken only for dome structure analysis.
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Immunocytochemistry. The presence of cytokeratin (Moll
et al. 1982) in cultured cells was investigated using monoclo-
nal antibodies. First, the cells were incubated with the primary
monoclonal antibody (1:300 in DPBS) for 1 h (Monoclonal
Anty-Pan Cytokeratin, Sigma-Aldrich). In the second step,
two visualization systems were used. The first method used
DakoCytomation EnVison+ System-HRP (30-min incubation
with 2% solution; Dako, Glostrup, Denmark), and subse-
quently the slides were visualized with Nikon NIS Elements
Basic Research package (Nikon Eclipse E-200). The second
method used fluorescein isothiocyanate (FITC)-labeled anti-
mouse IgG antibody (1:30 in DPBS) for 30 min (Anti-mouse
IGG, Fab specific, Sigma-Aldrich) with DAPI solution
(10 μm/ml for 10 min for cell nuclei localization; Sigma-
Aldrich) and the slides imaged with a confocal laser micro-
scope (Nikon Eclipse TE 2000-S).
RNA isolation and reverse transcription reaction. For gene
expression analysis, total RNA was isolated from mam-
mary gland tissues and cell cultures. The small tissue
fragments were placed in RNAlater® (Sigma-Aldrich)
and preserved at 4°C until total RNA isolation. Cell
cultures for total RNA isolation were washed with 1×
DPBS (Gibco) and removed from the culture surface
using tissue cell scrapers (TPP®). The total RNA from
primary cell cultures were obtained on the tenth day of
cell culture (before cells reach confluence). Also, from
subsequent passages, total RNA samples were isolated
before the cell culture reaches a plateau phase (on the
seventh day of culture for the first passage and on the
fouth day of culture for cells in the second and third
passages). The RNA samples were isolated using Total
RNA (A&A Biotechnology, Gdynia, Poland) according
to the method of Chomczynski and Sacchi (1987). RNA
quality was analyzed using horizontal electrophoresis through
1.5% agarose gel (Prona Agarose, EU). For RNA quantity
determination, the samples were measured using Quant-iTTM
RNA BR Assay Kit and Qubit fluorometer (Invitrogen
GmbH, Darmstadt, Germany). Contaminating genomic
DNA was removed from the RNA samples by DNase I
digestion (Fermentas UAB, Vilnius, Lithuania). Total RNA
(1 μg) was reverse-transcribed using the RevertAid™
Premium First Strand cDNA Synthesis Kit (Fermentas
UAB). Each sample was reverse-transcribed in triplicate.
Single-stranded cDNA samples were preserved at 20°C until
real-time PCR reactions were performed. Before real-time
PCRs, cDNA samples were quantified using Quant-iTTM
ssDNA Assay Kit and Qubit fluorormeter (Invitrogen).
Real-time PCR. Single-strand cDNA (40 ng) was used for
real-time PCRs; all samples were run in triplicate in the total
volume of 15 μl containing 12.5 μl of SybrGreen PCRMaster
Mix (KAPA™ SYBR® qPCR Kit, KapaBiosystems, Woburn,
MA), 200 nM of each primer, and H2O up to 15 μl. Real-time
PCRs were performed on Rotor-Gene (Qiagen GmbH, Hilden,
Germany). Reference genes and genes of interest were analyzed
using the primers listed in Table 1. The group of reference genes
comprised β-actin gene (ACTB), glyceraldehyde-3-phosphate
dehydrogenase gene (GAPDH), small subunit (18S) ribosomal
RNAgene (18S rRNA), the large subunit (28S) ribosomal RNA
gene (28S rRNA ), and UXT (Table 1). Subsequently, most
stable reference genes were selected using geNorm application.
Stability (M-gene stability measure) was analyzed. The normal-
ization factors NFn and NFn+1 were calculated (Vandesompele
et al. 2002). In the group of genes of interest, casein genes,
whey protein genes, and butyrophilin gene were chosen. All
primer sequences were designed using Primer3 Input software
(version 0.4.0, http://frodo.wi.mit.edu/primer3/; Table 1) and
were synthesized by the DNA Sequencing and
Oligonucleotyde Synthesis Lab in the Institute of
Biochemistry and Biophysics PAN (www.ibb.waw.pl).
Relative transcript quantification standard curves were plotted
using a sixfold serial dilution of cDNA. The reaction efficiency
for all reference and experimental genes of interest ranged
between 0.95 and 1.03. The relative level of expression for
genes of interest was analyzed using the delta-C t method and
was normalized by dividing by a proper normalization factor
(Vandesompele et al. 2002).
Statistical analyses. Analyses were performed using the
STATISTICA 8.0 (StatSoft Inc., Tulsa, OK) statistical soft-
ware. The Kruskal–Wallis analysis of variance by ranks was
used for data obtained from tissue fragment examinations. For
data evaluated from epithelial cell cultures, the Friedman
ANOVA non-parametric test was applied.
Results
Analysis of tissue material for establishing mammary gland
cell culture. Parenchymal tissue of the mammary gland was
taken from heifers, lactating dairy cows, and individuals in
involution. Establishment of primary mammary epithelial cell
cultures varied for samples of tissue taken from individuals in
different stages of mammary gland metabolism activity. The
age of cows and individual predispositions also had an influ-
ence on the growth of cells in primary cultures and passages,
even though an identical cell culture environment was main-
tained. Fragments of mammary gland tissue obtained from
heifers constituted the most efficient material for establishing
primary cell cultures and for the analysis of passages from the
first to the third. Maintaining the mammary cell cultures from
tissue fragments obtained from individuals in involution was
more efficient than those from lactating individuals, but less
efficient than for cells obtained from heifers.
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Establishment of bovine mammary epithelial cell
cultures. The obtained primary cell cultures were a heteroge-
neous population of epithelial, fibroblast-like, and adipocyte
cells. When grown on a non-coated plastic surface, epithelial
cells had a typical cobblestone shape (Fig. 1a) and formed
alveoli-like structures when the cells were cultured for 8–10 d
(Fig. 1b, c). In each cell, two to four nucleoli were present. In
the post-confluent culture (about the 14th day), mammary
epithelial cells formed dome structures visualized by a
bright-field microscope (Fig. 1d). Dome structures were also
visualized under confocal microscopy and their diameters
measured. These structures possessed an average diameter of
220 μm (±20 μm; Fig. 1e, f).
Primary epithelial cells were cloned by serial dilutions and
homogeneity was obtained after the first passage. Epithelial
cells in the second and third passages had normal morphology
and grew faster. The state of confluency was obtained after the
third or fourth day of culture, which was earlier than in the
primary cell culture.
Immunochemistry of mammary epithelial cells. Cell cultures
were identified by staining of the cytokeratin elements of the
cytoskeleton. A strong signal for cytokeratins was detected in
cells from primary cell cultures and the first to third passages.
In primary cell cultures, some cells were found negative for
cytokeratin staining, which confirmed the heterogeneity of
this cell population at that stage and the presence of other
non-epithelial cell types. Homogeneity was obtained in the
first to third passages of mammary cell cultures. The results
were visualized using two separate methods, i.e.,
DakoCytomation EnVision+ System-HRP (Fig. 2a, b) and
FITC-labeled anti-mouse IgG antibody (Fig. 2c, d).
Mycoplasma testing. Cell cultures were fixed, stained with
DAPI, and tested for the presence ofMycoplasma (Fig. 2e, f).
All samples analyzed with a confocal laser microscope were
microbiologically pure. The microscopic results were com-
pared with PCR outcomes, which were also Mycoplasma-
negative. Genomic DNA of M. bovis was used as a positive
control in the amplification reaction.
Evaluation of the most stable reference genes for
normalization. The primers for reference genes were highly
specific as single peaks in the melting curve were observed
after real-time PCR (data not shown). The data obtained
during real-time PCR reactions were transformed to quantities
and were analyzed using geNorm. Stability (M-gene stability
measure) was analyzed. The pairwise variation (V ) between
the normalization factor (NFn, with n genes as references) and
the NFn+1 was calculated. The lowest pairwise variation (V)
appeared for three genes (V2/3). In many articles, a 0.15 value
for M (gene stability measure) is proposed, but as suggested
by Vandesompele et al. (2002), theM value can be modified.
From the group of five chosen reference genes—ACTB ,
Table 1 Primer sequences and
amplicon size for real-time PCR
analysis
Gene Primer sequence (5′→3′) Amplicon size Reference
ACTB F-GTCCACCTTCCAGCAGATGT 163 NM_173979
R-AAAGCCATGCCAATCTCATC
GAPDH F-TGACCCCTTCATTGACCTTC 180 NM_001034034
R-TACTCAGCACCAGCATCACC
18S rRNA F-AAACGGCTACCACATCCAAG 155 DQ222453
R-CCTCCAATGGATCCTCGTTA
28S rRNA F-GGCCACTTTTGGTAAGCAGA 178 AY639443
R-GATTCGGCAGGTGAGTTGTT
UXT F-TGGACCATCGTGACAAGGTA 155 NC_007331
R-TGAAGTGTCTGGGACCACTG
CSN1S1 F-CAAAGTACCCCAGCTGGAAA 182 NM_181029
R-ACCAGGCACCAGATGGATAG
CSN1S2 F-CGAGGACAAAGCAAACATGA 165 NM_174528
R-AGGTTCTCCTTGCTGGGATT
CSN3 F-ATACTGTGCCTGCCAAGTCC 154 NM_174294
R-CTTGTAGGCTCGCCACTAGC
CSN2 F-CAGAAAGCAGTGCCCTATCC 169 NM_181008
R-GCCATATTTCCAAGTCGCAGT
BTN1A1 F-AGGCAGGACGAAAACTACGA 165 NM_174508
R-CCTGTGAGTTCGCCACTGTA
BGL F-AAGTCCTTGTGCTGGACACC 158 NM_173929
R-TTGAGGGCTTTGTCGAATTT
LALBA F-TACTGGTTGGCCCATAAAGC 158 NM_174378
R-CAAGGGGGTACAAAGAAGCA
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GAPDH , UXT, 18S rRNA , and 28S rRNA—the most stable
genes were selected for mammary tissue fragments, epithelial
cell cultures, and for the combination of the previous two
groups. For mammary gland tissue samples, GAPDH and
UXT proved the most stable genes (best references, NF2).
ACTB was chosen for the normalization factor NF2+1 (addi-
tion of extra reference gene). For the GAPDH , UXT, and
ACTB genes, the V value was equal to 0.367. In cell cultures,
the UXT, GAPDH , and ACTB genes served as the most
suitable references. For three chosen genes, V2/3, V was equal
to 0.197. In the combined group, GAPDH , UXT, and, in
addition, ACTB were selected. For the combined group, the
V value was the highest when compared with the two previous
analyzed groups, but from the five studied gene variants the
lowest V value (V = 0.666) was obtained for the three genes.
Milk-specific gene expression. The primers for the experi-
mental genes were also highly specific, and single peaks were
observed in the melt curve after real-time PCR (data not
shown). The reactions were designed to analyze the relative
expression levels of casein genes (CSN1S1 , CSN1S2 , CSN2 ,
CSN3 ); whey protein genes (LALBA and BGL ); and
butyrophilin gene (BTN1A1 ) in tissue fragments (Fig. 3) and
mammary cell cultures (Fig. 4). Analysis of the results con-
firmed the high level of expression of all the experimental
genes in the tissue fragments obtained from lactating cows
(n =5). In four of five samples obtained from individuals in the
involution phase, the expression of all analyzed genes was
confirmed (Fig. 3). In one sample, lack of BTN1A1 gene
expression was noticed. In the tissue fragments analyzed from
heifers (n =2), the CSN1S2 and CSN2 genes were expressed
Figure 1. Bovine mammary
epithelial cells. a Primary cell
culture (light microscopy;
magnification, ×400). b Primary
cell cultures stained with Giemsa
solution (magnification, ×40).
c Primary cell cultures stained with
Giemsa solution (light microscopy;
magnification, ×200). d Dome
structure of primary epithelial cell
culture (light microscopy;
magnification, ×400). e, f Dome
structures stained with propidium
iodide (confocal laser scanning
microscopy; magnification, ×600).
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at very low levels in all the samples tested. In this group, the
expression of CSN3 , LALBA , BGL , and BTN1A1 was con-
firmed at a very low level in one sample. For heifer samples,
lack of CSN1S1 gene expression was noticed. Differences of
the relative expression levels of the studied genes in the three
studied groups of samples (heifers, lactation, involution) were
high, but not significant.
In the group of primary cell cultures, the expression of all
casein genes, whey protein genes, and butyrophilin gene was
detected. Primary cell cultures presented the highest relative
expression levels of the CSN1S1 , CSN2S2 , CSN2 , and CSN3
genes when compared with further passages (Fig. 4). For
LALBA , a low level of expression was observed in all main-
tained cultures. For the first passage, only the expression of
CSN1S2 and CSN2 genes was present. The expression of the
CSN1S2 gene was relatively high.CNS2 gene expression was
observed at a very low level in all analyzed cultures. No cells
from the first passage were expressing whey protein genes or
BTN1A1 gene. In contrast, cells in the second passage
expressed all analyzed genes, with the highest level of expres-
sion of the BGL gene. In the group from the third passage,
lack of LALBA gene expression was noticed. Expression of
the other analyzed genes was confirmed. The highest expres-
sion level of BTN1A1 was observed in the third passage.
Relative CSN1S1 gene expression was significantly higher
(P<0.001) in the primary culture compared to cells from the
second passage. Significant (P ≤0.05) difference in the rela-
tive expression level was also found for the CSN2 gene,
Figure 2. Bovine mammary
epithelial cells. a , b Domes
of primary cell cultures
immunostained against
cytokeratins (light microscopy;




×400). d Third passage
immunostained against
cytokeratins and DAPI (confocal
microscopy, ×400). e Primary cell
culture stained with DAPI, free of
microbiological contamination
(×400). f Second passage
stained with DAPI, free of
microbiological contamination
(confocal microscopy, ×600).
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between the second and the third passages. Expression of the
CSN3 gene differed significantly (P ≤0.01) between the pri-
mary culture and third passage cells. The only significant (P ≤
0.01) difference in the relative expression level of whey pro-
tein genes was found for the BGL gene between the primary
culture and the second passage.
Discussion
The establishment and characterization of mammary epi-
thelial cell (MEC) cultures of different species, e.g., bo-
vine (Rose et al. 2002), buffalo (Anand et al. 2012),
caprine (Ogorevc et al. 2009), ovine (Ilan et al. 1998),
porcine (Sun et al. 2006), or rodents (Karantza-Wadsworth
and White 2008), have been studied to identify a repre-
sentative mammary epithelial cell model to better under-
stand the phenomenon of mammary biology (Rose and
McConochie 2006). Mammary epithelial cell cultures are
an alternative attempt to the previously used explant cul-
tures, which have been used as a model in studies on
mammary gland function (Rose and McConochie 2006).
Experiments on explants give a possibility to study
mammary gland functions as they are the closest model
resembling mammary tissue. They provide an opportunity
to monitor the processes similar to those occurring in vivo,
but one of the main drawbacks of this cellular model is that
it remains viable for a limited period of time (Rose and
McConochie 2006). Primary MEC cultures can also be
utilized in studies on mammary gland physiology as a
material that is related to the mammary gland tissue. On
the other hand, this model is quite difficult to obtain, cells
in primary cell culture must be cytologically indentified
(cell population in this type of cultures is not homoge-
neous), and the experimental time with this material is also
relatively short. An alternative approach is to use immor-
talized and clonal cell lines. These models are easy to
maintain and, theoretically, cells in every passage are
identical. The MAC-T cell line is the most popular immor-
talized MEC, but the results obtained in experiments with
MAC-T proved that it was not a single homogeneous cell
line (Zavizion et al. 1995a, b; Rose and McConochie
2006). Some observations showed that MAC-T had a very
low production level of milk-specific proteins (German
and Barash 2002; Rose and McConochie 2006). In addi-
tion, the study of Huynh et al. (1991) revealed that the




































Figure 3. Relative normalized
expression levels (logarithmic
scale, rescaled values) of the
analyzed genes of tissue
fragments in three groups of
individuals (heifers, n =2;
lactation, n =5; involution, n =5,














































Figure 4. Relative normalized
expression levels (logarithmic
scale, rescaled values) in
mammary epithelial cell cultures
present as mean values
established from all three groups
of individuals (n =10) in different
lactation cycles. *P ≤0.05;
**P ≤0.01; ***P ≤0.001. Bars
represent standard deviation.
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factors, e.g., hormones, growth factors, or extracellular
matrix (Rose and McConochie 2006). Other bovine cell
lines such as BMEC+H (Schmid et al. 1983), HH2A
(Huynh and Pol lak 1995) , ET-C, and BME-UV
(Zavizion et al. 1995a, b, 1996) were also tested, but it
appeared that these lines had abnormalities not occurring
in the normal, untransformed cultures (Matitashvili et al.
1997; Rose and McConochie 2006).
In this study, we have analyzed primary cell cultures and
subsequent passages of the mammary gland tissue. What is
more, we have also tested the mammary gland material for
establishing cell cultures from three relevant bovine stages
(non-lactating heifers, individuals in mid-lactation, and indi-
viduals in involution). Some studies present BMEC
established from fragments of mammary parenchymal tissue
obtained from pregnant individuals (Emerman et al. 1977;
Huynh and Pollak 1995; Rose et al. 2002), but most often,
the mammary cell cultures are established from lactating
individuals (Pantschenko et al. 2000; German and Barash
2002; Hu et al. 2009; Zhao et al. 2010; Lu et al. 2012; Sorg
et al. 2012). On the other hand, little is known about the
suitability of tissue fragments from heifers in establishing
primary cell cultures. Mammary epithelial cell cultures, espe-
cially organoids from heifer tissues, were analyzed in the past
rather to examine the mitotic effects of cell proliferation
(Berry et al. 2003; Thorn et al. 2008). In the current study, a
very low level of CSN2 gene expression was detected in
cultures obtained from all samples (heifers, lactation, and
involution). Basic minimal culture medium and the fact that
cells were maintained on a plastic surface could have affected
the results. A low expression level of the casein genes was
also confirmed in the tissue of non-lactating animals in the
study by Suchyta et al. (2004). The mammary gland tissue
fragments from heifers were the most effective materials for
establishing primary cell cultures. Additionally, all tissue frag-
ments from heifers gave rise to primary cell cultures, and all
subsequent passages from the first to third were obtained.
Furthermore, an expression of all casein and BGL genes was
at a very low level in primary cell cultures, while in first to
third passages, only low expressions of BGL (second pas-
sage), CSN1S2 , and CSN2 (third passage) were observed.
Establishing primary MEC cultures from tissue obtained
from individuals in involution was as effective as establishing
primary mammary epithelial cell (PMEC) cultures from heifer
tissue. The same results were obtained in the first and second
passages. Some differences were noticed only in the third
passage, where lower (seven of nine) numbers of passages
were obtained. The relative expression level of the analyzed
genes was low, while the expression of the LALBA gene was
not observed. Few studies analyzed mammary cells from
individuals in involution, and these studies were primarily
focused on the process of involution. Generally, the most
frequently used cellular models in experiments are still the
transformed cell lines, e.g., BME-UV (Gajewska et al. 2005;
Hernendez et al. 2009) or HC11 cell line (Kolek et al. 2003).
The most difficult part in our experiments was to establish
primary MEC cultures from tissue collected from cows in
lactation. Of 25 individuals, 19 PMEC cultures were
established. In the first passage, 13 cultures were obtained,
in the second 11, and in the third 10. It is possible that the
difficulty in establishing and maintaining cell cultures from
lactating individuals was associated with hormonal require-
ments. Many studies were performed in this area, but no
uniform methods were applied. Culture media with different
hormones and various concentrations were used in experi-
ments of different studies. Generally, insulin, hydrocortisone,
and prolactin are used most frequently (Huynh et al. 1991;
Duo et al. 2006). However, in other experiments, the cell
culture medium was supplemented with epidermal growth
factor (EGF) or transferrin was used (German and Barash
2002; Hu et al. 2009). In the presented study, minimal culture
medium was used, but in our other study (results not pub-
lished), the effect of prolactin was noticed. Differences in the
morphology of epithelial cell and gene expression were ob-
served. Differences in the composition of the culture medium
may influence the results not only in establishing and main-
taining these cultures but also in the gene expression. Zhao
et al. (2010) confirmed the presence of αs1 casein in primary
cell cultures maintained on plastic dishes in medium contain-
ing insulin, hydrocortisone, prolactin, and EGF. Rose et al.
(2002) also observed the expression of α-casein in mammary
epithelial cell cultures in passages 20, 25, and 30, where cells
were cultured on plates coated with collagen. Furthermore, the
presence of αs1 casein and κ-casein in two cell lines, MEC-
HH and MEC-LL, was also noticed and analyzed when the
cell culture were maintained on plastic substrate in a medium
supplemented only with EGF (Lu et al. 2012). In the experi-
ment with buffalo MEC culture on plastic substratum and
collagen type I matrix, the expressions of CSN2 , CSN3 ,
BTN1A1 , and LTF genes were determined using a RT-PCR
method (Anand et al. 2012). In a bovine cell culture study,
CSN2 and BTN1A1 gene expression was detected in
BMEC cultures seeded on a plastic surface using RT-
PCR, and the presence of CSN2 protein was confirmed
by Western blotting (Hu et al. 2009). In contrast, the
expression of whey proteins was not frequently ana-
lyzed. α-Lactalbumin expression was reported in caprine
mammary epithelial cell line (Pantschenko et al. 2000;
Bionaz and Loor 2007), whereas bovine L-1 and H-7
clonal mammary epithelial cell lines expressed BGL
protein (German and Barash 2002). Although different
patterns of milk-specific gene expressions were ob-
served, many factors influencing the expression changes
are unclear. Future studies will be focused on the com-
parison of a mammary cell culture model maintained in
different culture conditions.
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Conclusion
On the basis of the presented experiments, we can conclude
that the primary cultures and cells of the second passage
appeared to be the most suitable materials for studying mam-
mary gland function and gene expression activity. The results
obtained in the present study provide new methodological
information that can be used in future studies of mammary
gland function.
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